Abstract-This research analyzed the use of daubechies wavelet as a feature extraction and confusion matrix as the principal parameter of accuracy percentage level in neural network. Detection process began with image pre-processing, lung area segmentation, feature extraction, and training phase.
I. I NTRODUCTION
A lot of computer based methods have been presented to help the work of radiologist. Examination of thorax (chest x ray) is one of the method that usually done by the hospital for patient in many cases. Chest x-ray shows the image of the heart, lungs, respiratory, blood vessels, spine, and ribs. Lung is an organ located in the thorax that is most subject to diseases. Some of them are tuberculosis and pleural effusion. Chest x-ray are used to diagnose many conditions involving chest wall, thorax and bone structure inside the thoracic cavity including the lungs [1] . Pulmonary tuberculosis is an infectious disease caused by bacillus tuberculosis microbacterium. Pleural effusion is a condition where there is excessive fluid in pleural cavity, which if left unchecked this condition will endanger the sufferer's life. Pleura is a thin layer of tissue that covered the lungs and lining the inner wall of the chest cavity [2] . In Indonesia, Pulmonary Tuberculosis is the 2nd leading cause of death after heart disease and other blood vessels. Aside from that, Indonesia is the 3rd country in the world that has most Pulmonary Tuberculosis patient after China and India. Pulmonary Tuberculosis could be found in numerous population with low socio-economic conditions and attack the productive age group (15-54 years old) [3] .
II. R ELATED W ORK
Reference [4] , [5] analyzed the use of image processing to identify an x-ray image. Reference [4] focused on texture analysis and [5] used image enhancement for x-ray images using histogram equalization.
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Reference [6] , [7] used wavelet for iris recognition. In [6] , wavelet is used as edge detection technique in Matlab. in [7] , used wavelet transform and mahalanobis distance, he compared the influence of wavelet decomposition level and order towards accuracy level. [8] Identify cancer existence in mammography using haar wavelet. Perfonnance validation of neural network is used in [9] to build detection system for lung cancer.
III. M ETHODOLOGY
The proposed Lung Abnonnalities Detection System can identify three output classifications, nonnal lung, pleural effusions, and pulmonary tuberculosis. 
the test data (9 nonnal lung, 3 pleural effusion, pulmonary tuberculosis 3) will be used to test accuracy rate of the system identification. Another 20 samples from other sources were added as secondary test data.
A. Image Processing
Image processing stage consisted of: pre-processing, segmentation, decomposition, and normalization.
Pre-processing phase included histogram equalization, grayscaling, thresholding, blur, edge detection, dilate, fill hole, bwareaopen, and clear border.
Segmentation process are performed by using 'mask' in Matlab to obtain the lung region. The image obtained will be consisting 2 parts, first part are the lungs and the other contains the background which is not part of the lungs. Feature extraction perfonned after segmentation process using daubechies wavelet. Decomposition result consisted of coefficients would be taken as the image feature. Only approximation coefficients used as the input for neural network training.
This process perfonned on db2 until db 1 0 and started from level 5 until level 10. These processes are saved as a mat file and became dataset configuration. Every dataset configuration are given a target variable consists of 3 classes based on their diagnosis.
Furthennore, nonnalization of dataset configuration is perfonned. Nonnalization perfonned to convert the feature into a certain size, in order to get the appropriate standard feature extraction for each image of the thorax. It is also perfonned to optimize Matlab memory usage and avoid errors [10] . In this research, the feature nonnalized into the range of 0.1 to 0.9.
C. Training
Dataset configuration of each level and 'db' are given 3 target classes. Class 1 for nonnal lung, class 2 for pleural effusion, and class 3 for pulmonary tuberculosis. After that, every dataset configuration are trained using neural network.
The amount of hidden layer used in training process is 10 neurons, focusing on the output of confusion matrix for the percentage of accuracy. Algorithm used in training process is 157 'trainscg' function. Function 'trainscg' is a network training function that updates the weights and biases based on the scaled conjugate gradient method [11] . Prior to testing the system accuracy, training network conducted several times to obtain the best perfonnance which is closest to the desired target and could recognize patterns well.
D. Testing the Data
After training each dataset configuration, dataset with the best accuracy are obtained. Networks dataset that attain 100% accuracy are then used to identify the data test using GUI system. Figure 3 shows the GUI of system identification. 
IV. P ERFORMANCE A NALYSIS
Perfonnance analysis started from the training process of each dataset configuration. Dataset with 100% accuracy can be seen on Table I . Subsequently, each dataset configuration in Table I were tested using two types of test data, primary test data and secondary test data. The result can be seen in Table II , where the highest accuracy obtained on decomposition at level 7 db6. Table III and IV are a comparison between doctor's diagnosis and system diagnosis. Table III is using primary data  test and Table IV is using secondary data test with the network from decomposition at level 7 db6. Furthennore, testing data continued with secondary data test taken from the internet. The result can be seen in Table IV. 158 On Table IV , total amount of true diagnosis identified by system are 18 images from the total of 20 testing data. So the system accuracy for secondary data test is:
Accuracy level for all data test is:
93.3+90
System Accuracy= = 91.65% 2 System Analytical comparisons based on the decomposition level and order (level 7, db6) with medical disease diagnosis can be seen in Table V . In general, as interviewed result in [12] , medical explanations for each diagnosis are:
Pleural Effusions: the lung area is white because of fluid effusion, usually spread on the bottom of lung area. If there are a large number of fluids, it can be spread to all areas of the lungs. Pulmonary Tuberculosis: top area (apex) of the lung generally colored white caused by bacteria that gathers on the area. Nonnal Lung: lung areas are clean (black).
The average value of image features in table V is the result of normalization data that has been sorted from smallest to largest value. Initially, image features are ranging from 0-255 (grayscale). 255 is white, 0 is black, and between 0-255 is grayscale. So based on medical explanation can be concluded that the image of a pleural effusion will have a lot of white colored area more than the image of pulmonary tuberculosis, whereas normal lung images tend to be black. So, when represented by the average value of the normalized data, values for normal lung image should be larger than pulmonary tuberculosis and values for pulmonary tuberculosis should be larger than pleural effusion.
CONCLUSION
A combination of Wavelet transfonn and neural networks resulted in a good method of image feature extraction and pattern recognition to identify diseases on chest x-ray. The experiment using 75 training data samples showed that the system was able to identify 100% accuracy of abnormalities when testing with training data samples and 91.65% accuracy when testing with new data samples. The use of orders and different levels of Daubechies wavelet decomposition affected the accuracy of the system as well as neural network configuration settings. Further development of the system could be done with more images and diagnosis variety. 
